Abstract-We develop a modification of the energy inequality method and use it to prove the well-posedness of the Goursat problem for linear second-order hyperbolic differential equations with operator coefficients whose domains depend on the two-dimensional time. An energy inequality for strong solutions of this Goursat problem is derived with the help of abstract smoothing operators, and we prove that the range of the problem is dense by using properties of a regularizing Cauchy problem whose inverse operator is a family of smoothing operators of a new type. We give an example of a well-posed boundary value problem for a two-dimensional complete second-order hyperbolic partial differential equation with Goursat conditions and with a boundary condition depending on the two-dimensional time.
INTRODUCTION. STATEMENT OF THE PROBLEM
The two-dimensional Goursat problem for hyperbolic partial differential equations with stationary (time-independent) boundary conditions and for hyperbolic operator-differential equations with time-independent domains of operator coefficients was studied in [1] [2] [3] . Here we study this problem in the case of nonstationary boundary conditions and domains. In this situation, the method in [1] [2] [3] can no longer be used to analyze well-posedness, and so the present paper develops new techniques for deriving an a priori estimate with the use of abstract smoothing operators in [4] and for proving that the range of the Goursat problem is dense with the use of a regularizing Cauchy problem. This regularizing Cauchy problem is an analog of the Cauchy problem whose solutions are used in the proof of the uniqueness of weak solutions in [5] . The operators providing the solutions of these problems are smoothing operators of a new type. The existence and uniqueness of classical solutions of a second-order hyperbolic partial differential equation with degenerating mixed derivative under Goursat conditions and without boundary conditions were studied in [6] . A nonlocal boundary value problem was solved in [7] for hyperbolic equations whose coefficients are square matrices of scalar functions.
Let H be a Hilbert space with inner product (· , ·) and norm | · |. In the bounded rectangle
with the Goursat conditions
where ϕ 1 (t 1 ), t 1 ∈ [0, T 1 ], and ϕ 2 (t 2 ), t 2 ∈ [0, T 2 ], are functions ranging in H and satisfying the coordination condition ϕ 1 (0) = ϕ 2 (0). The unknown function u(t) and the given right-hand side f (t) depend on the two-dimensional variable t and range in H. For each t, the coefficient A(t) is a positive self-adjoint operator on H, and the A i (t), i = 1, 2, are linear unbounded operators on H; their domains D(A(t)) and D(A i (t)) depend on t.
Remark 1. The well-posedness of problem (1), (2) was studied in [1] (respectively, [2]) by the Fourier method with the use of the representation of the solution via the Riemann function (respectively, by the energy inequality method) for the case in which A(t) is a stationary (respectively, nonstationary) elliptic partial differential operator in the space variables with stationary normal boundary conditions and the A i (t), i = 1, 2, are operators of multiplication by scalar functions. In [2] , an a priori estimate was established by inner multiplication by a Leray separating operator with subsequent integration by parts, and the fact that the range is dense was derived from a dual Gårding type inequality, which was proved with the use of Friedrichs averaging integral operators. For strong solutions of the abstract problem (1), (2), an a priori estimate was also obtained in a traditional way in [3] , where the domain of the operator A(t) is stationary, and the operators A i (t), i = 1, 2, are bounded in H; but the fact that the range is dense was derived there from an a priori estimate for the formally adjoint equation on the basis of the representation of its solution via the operator Riemann function.
DEFINITIONS AND STATEMENT OF THE MAIN RESULTS
The Goursat problem (1), (2) 
in the norm
Here H γ = L 2,γ(t) (T , H) is the Hilbert space with Hermitian norm f γ = T γ(t)|f (t)| 2 dt and weight γ(t) = T 2 − t 2 + T 1 − t 1 , and the Hilbert spaces H i are the closures of the sets of traces of functions u ∈ D(L) at t j = 0 in the norms
In a standard way, one can show that if the set Let us state the main results of the present paper. First, by using abstract smoothing operators A −1 ε (t), we derive an energy inequality for strong solutions.
